This study reported quantifications of fine particle bound trace metals and their potential health risks for residents in Guangzhou, a rapidly developing and most populated city in South China. The fine particle samples were collected from October 29 th. to November 8 th. of 2006 at two different elevations in a mainly residential area and analyzed for the total concentration of aluminum, iron, zinc, lead, manganese, copper, arsenic, chromium, nickel, cadmium, molybdenum and cobalt. Results showed that the fine particle concentrations ranged from 95.8 μg/m 3 to 194.7 μg/m 3 at the ground and 83.3-190.0 μg/m 3 on the roof, which were much higher than the 24 h fine particle standard (35 μg/m 3 ) recommended by USEPA. The total concentrations of zinc, lead, arsenic, chromium and cadmium in fine particle were 504.8, 201.6, 24.3, 7.7 and 4.4 ng/m 3 , respectively, which were comparable to other major cities of China, but much higher than major cities outside of China. A sequential extraction procedure was used to fractionate these fine particle bound metals into four different fractions. Results indicated that most toxic metals were mainly distributed in bioavailable fractions. For instance, about 91 % of cadmium, 85 % of lead and 74 % of arsenic were in bioavailable forms. Risk calculations with a simple exposure assessment model showed that the cancer risks of the bioavailable fractions of arsenic, chromium and cadmium were 3 to 33 times greater than usual goal, indicating serious health risks to the residents in this urban area.
INTRODUCTION
Trace metals associated with air-borne particulate matter (PM) have different speciations or fractions that exhibit different bioavailability and potential risk to human beings. A labile fraction of the particle-bound metals is considered to be more readily available to environmental receptors and hence possesses greater environmental risk than the resistant fraction. Previous studies reported that trace metal contents of airborne PM and in particular the water-soluble fraction, are correlated positively with the observed pulmonary toxicity (Adamson et al., 2000; Sun et al., 2001) . Adamson et al. (2000) found that 1 mg of respirable range atmospheric particulate material (EHC-93), which had 99 % of particles < 3.0 m and 45 % of Zn in soluble fraction, can induce inflammatory cells and protein in lung lavage fluid and DNA synthesis in lung cells. Fine particle (PM 2.5 ), with aerodynamic diameter smaller than 2.5μm, is considered to be more hazardous than larger size PM due to its longer residence time in the atmosphere and can penetrate deep into the alveolus of human beings through breathing (Ormstad, 2000; Peters et al., 2001) . Previous study (Heal et al., 2005) showed that water soluble form, the most readily bioavailable form, is the dominant fraction of PM 2.5 -bound heavy metals in urban atmospheres of developed countries where automobile emission is a major source of PM 2.5 .
Quantification of labile versus resistant fractions of particle-bound metals has not been standardized in the literature. Sequential chemical fractionation is an important method for determining the actual metal activity in the environment (Fernández et al., 2000) . The sequential extraction procedure (SEP) reported by Tessier et al. (1979) and the BCR three-step sequential extraction procedure drew up by the European Community's Bureau of References (Ure et al., 1993) are the most representative procedures and have been widely applied for operationally defined phases or fractions of metals associated with environmental solids including soils, sediments, suspended particulate materials, as well as urban street dusts (Banerjee, 2003; Davidson et al., 1998; Usero et al., 1998) . Fernández et al. (2002) developed a four-step SEP for fractionating PM-bound metals and for quantifying labile metal fractions that are potentially available to the respiratory tract of the human body. The procedure was used in several exposure studies for measuring the bioavailable fractions of toxic metals associated with PM (Gómez et al., 2007; Sammut et al., 2006) . This study focused on the chemical speciation of trace metals associated with PM 2.5 in Guangzhou, a rapidly developing and most populated city in South China. Previous studies on PM 2.5 -bound trace metals of Guan gzh ou city have centered on total concentration measurements (Lee et al., 2007; Wang et al., 2006) , little is known on the chemical speciation of these PM 2.5 -bound metals (Karbassi and Shankar, 1994) . Due to high air pollution and multiple sources of PM, compositions of PM 2.5 and chemical speciation of PM 2.5 -bound trace metals in this area may be different from those of the well developed urban areas. Therefore, studies on chemical speciation are thus much needed for evaluating the bioavailability and health risk of PM 2.5 -bound trace metals in this area, and important for establishing emission standards among different industries and other emission sources.
The overall goal was to assess the bioavailability and the potential health risk of PM 2.5 -bound trace metals for residents in Guangzhou city by quantifying the total concentration and characterizing the chemical speciation. The incremental lifetime cancer risks were evaluated using the literature toxicity data and the speciation data of selected trace metals. The study provided important information on the baseline data of toxic metals and their potential health risks to the residents due to inhalation of PM 2.5 in Guangzhou urban area. This study has been done in Guangzhou, China during October, 2006 to March, 2007.
MATERIALS AND METHODS PM 2.5 Sampling
A sampling site located within the campus of South China University of Technology (SCUT), northeast of Guangzhou was selected (Fig. 1) . The PM 2.5 samples were collected from two different elevations, one at the ground level and the other on the roof of a four-story 15 m high building. The sampling site was surrounded directly by four chemistry research laboratories and two small construction sites. Several univer sity office buildings, residential apartment buildings, including dormitories were 200 to 400 m away. Three major highways were also 200 m to 2 km away from the site. It is expected that the sources of PM were mixed and were typical of PM in this urban area of Guangzhou.
A total of twenty PM 2.5 samples were collected on quartz microfiber membrane filters (QMWhatman, 20.3 cm × 25.4 cm, Whatman) using high volume air samplers (Anderson Model GUV-16HBL, Thermo). Before sampling, filters were pre-heated at 450 °C for 4 h, then conditioned in a desiccator at 25 °C and 50 % relative humidity for 24 h and then weighed to a precision of ± 0.1 mg on an electronic balance. After sampling, filter was doubled up, wrapped in a Teflon bag and then stored in the electronic desiccator before analysis. The two samplers were set up at 1.5 m above the rooftop or ground level and operated simultaneously and continuously at a nominal air flow rate of 1.13 m 3 / min for 24 h in 10 consecutive days from October 29 th. to November 8 th. of 2006. It was generally sunny with gentle northern wind, but atmospheric haze was obser ved within the samplin g per iod. Th e temperature measured at the sites ranged from 17 to 31°C and the relative humidity from 26 to 77 %.
Total metal concentration analysis
Total concentration analysis of trace metals in PM 2.5 were performed with an acid digestion method. In brief, the section of each PM sample filter, along with 3 mL of concentrated nitric acid were placed in a closed Teflon bomb and mixed for 10 min in an ultrasonic system. The bomb was then heated in an oven at 180 o C for 8 h for dissolution of the PM. The solution was filtered with a pre-cleaned plastic syringe filter and the filtrate was collected in a Teflon beaker. The Teflon bomb was rinsed for three times with de-ionized water and each followed by filtration. For each sample, the filtrates above were all collected in the same Teflon beaker with a total volume of about 50 mL, and then heated on a hot plate at 110°C to reduce the aqueous phase to 1-2 mL. The residual liquid was diluted to a volume of 10 mL with 2 %
